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(54)  Treatment  of  water,  sewage  and  like  waste  liq 

(57)  A  process  for  the  treatment  of  water  or  other 
liquid  has  a  plurality  of  stationary  surfaces  on 
which  micro-organisms  or  like  biologically  ac- 
tive  materials  are  fixed  or  grown  which  are 
contacted  alternately  with  air  and  the  liquid 
undergoing  treatment  by  raising  and  lowering 
the  liquid.  This  leads  to  purification  by  biologi- 
cal  oxidation  and  other  processes.  Apparatus 
for  performing  the  process  comprises  a  tank 
(11)  containing  arrays  of  plates  (12)  and  a  wave 
generator  (13)  for  generating  a  wave  action  of 
liquid  (10)  in  the  tank  by  means  of  which  the 
alternate  raising  and  lowering  of  the  liquid  is 
achieved.  Beneficially  the  wavelength  of  the 
wave  motion  is  arranged  such  that  the  tank 
length  is  2,  1  or  n  times  the  wavelength  where  2 
x  n  is  an  integer. 
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This  invention  relates  to  the  treatment  of  water, 
sewage  and  like  waste  liquids. 

With  increasing  population  and  urbanisation  to- 
gether  with  improved  standards  of  living,  the  treat- 
ment  of  water  as  well  as  of  sewage  and  like  waste  wa- 
ters  is  of  cardinal  importance  and  indeed  of  great 
public  concern,  not  only  in  the  preservation  and  im- 
provement  of  the  environment,  but  also  in  the  conser- 
vation  and  recycling  of  water  of  sufficient  purity  for  in- 
dustrial  and  domestic  uses,  particularly  for  drinking 
and  food  preparation. 

The  treatment  of  sewage  comprises  the  stages  of 
settlement  to  remove  settleable  suspended  matter 
followed  by  biological  treatment  of  the  supernatant 
liquid  whereby  dissolved  organic  material  is  convert- 
ed  into  settleable  biomass,  and  by  subsequent  re- 
moval  of  the  biomass  by  further  settlement. 

In  the  biological  stage  of  the  treatment,  the  water 
containing  dissolved  organic  matter  is  contacted  with 
air  in  the  presence  of  aerobic  bacteria.  The  bacteria 
are  thus  cultured  and  grow  to  form  with  the  dissolved 
organic  matter  a  biomass  together  with  carbon  diox- 
ide  and  water. 

Contact  may  take  place  in  aerated  tanks  (activat- 
ed  sludge  process).  Alternatively,  biof  ilms  containing 
the  aerobic  bacteria  supported  on  and  adhering  to 
solid  media  may  be  employed,  over  which  the  super- 
natant  liquid  is  sprayed  or  otherwise  distributed.  Such 
solid  material  may  be  in  the  form  of  a  percolating  fil- 
ter,  also  called  a  trickling  or  biological  filter. 

Filtration  installations  of  the  latter  kind  are  exten- 
sive  in  area  and  subject  to  various  technical  disadvan- 
tages  and  a  more  sophisticated  contacting  arrange- 
ment  is  known  as  the  rotating  biological  contactor 
(RBC)  in  which  parallel  discs  with  attached  biof  ilms 
are  rotated  alternately  through  the  supernatant  liquid 
to  be  treated  and  the  air,  thus  facilitating  oxygen 
transfer  into  the  biofilm. 

The  present  invention  seeks  to  provide  improve- 
ments  over  the  existing  processes  and  installations 
for  the  treatment  of  water,  sewage  and  like  waste  liq- 
uids. 

According  to  one  aspect  of  the  invention,  there  is 
provided  a  process  for  the  treatment  of  water  or  other 
liquid  in  which  stationary  surfaces  having  micro-or- 
ganisms  or  like  biologically  active  material  fixed  to  or 
growing  thereon  are  contacted  alternately  with  air  and 
the  liquid  undergoing  treatment  by  raising  and  lower- 
ing  the  liquid  whilst  said  liquid  is  moved  substantially 
horizontally  past  said  surfaces. 

In  a  preferred  embodiment  of  the  invention,  the 
stationary  surfaces  take  the  form  of  an  array  of  plates 
which  are  preferably  substantially  parallel  to  one  an- 
other  and  which  are  desirably  mounted  in  a  tank.  Al- 
ternate  contact  of  the  surfaces  with  the  liquid  to  be 
treated  and  air  may  be  effected  by  wave  action  which 
preferably  comprises  a  stationary,  standing  or  non- 
progressive  wave,  arising  from  a  resonant  frequency 

of  the  tank,  the  length  of  said  tank  being  an  integral 
or  half-integral  number  of  wavelengths  characteristic 
of  the  wave  motion. 

Wave  motion  may  be  induced  by  one  of  several 
5  means  including,  for  example,  an  oscillating  mechan- 

ical  baffle  or,  alternatively,  by  alternately  blowing  air 
into  and  sucking  air  out  of  a  chamber  enclosing  a  por- 
tion  of  the  liquid  surface  to  induce  an  oscillation  of  the 
liquid  surface  and  hence  wave  motion  in  the  rest  of 

10  the  tank. 
Another  aspect  of  the  present  invention  provides 

apparatus  for  performing  the  above-described  proc- 
ess,  said  apparatus  comprising  a  tank  adapted  to 
contain  water  or  other  liquid  to  be  treated  and  an  array 

15  of  plates  arranged  in  said  tank,  said  plates  providing 
the  said  stationary  surfaces. 

Preferably,  the  surface  of  the  plates  is  roughened 
to  encourage  the  attachment  of  biological  growth. 

According  to  a  preferred  embodiment  of  the  in- 
20  vention,  a  wave  generator  is  located  in  the  tank  and 

is  arranged  to  generate  a  wave  action  in  order  to  ach- 
ieve  said  raising  and  lowering  of  liquid  in  the  tank.  The 
wave  generator  may  be  located  at  or  adjacent  to  one 
end  of  the  tank  or  substantially  at  the  centre  of  the 

25  tank.  In  the  latter  case,  it  is  preferable  if  two  arrays 
of  plates  are  provided,  each  array  being  located  be- 
tween  the  wave  generator  and  a  respective  end  of  the 
tank. 

The  tank  is  desirably  arranged  to  have  a  length 
30  which  is  an  integral  or  half-integral  number  of  wave- 

lengths  characteristic  of  the  wave  motion  generated 
by  the  wave  generator,  in  other  words,  the  tank  length 
should  advantageously  be  V2,  1  or  n  times  the  wave- 
length  where  2  x  n  is  an  integer.  The  wave  generator 

35  itself  is  desirably  of  variable  frequency  so  that  the 
wave  motion  can  be  "tuned"  to  the  dimensions  of  the 
tank  and  the  average  depth  of  the  liquid  contents. 

The  invention  will  now  be  further  described,  by 
way  of  example,  with  reference  to  the  drawings,  in 

40  which:- 
Fig.  1  is  a  schematic  perspective  view  of  one  em- 
bodiment  of  an  apparatus  according  to  the  inven- 
tion  for  the  treatment  of  water  or  other  liquid;  and 
Fig.  2  is  a  schematic  perspective  view  of  a  sec- 

45  ond  embodiment  of  an  apparatus  according  to 
the  invention  for  the  treatment  of  water  or  other 
liquid. 
Reference  will  first  be  made  to  Fig.  1  of  the  draw- 

ings  in  which  the  apparatus  comprises  a  parallel-sid- 
50  ed  tank  1  containing  a  plurality  of  parallel,  vertical, 

elongated  plates  2  having  attached  biof  ilms,  along 
which  pass  waves  propagated  by  a  wave-generator  3 
located  at  or  adjacent  to  one  end  of  the  tank. 

The  apparatus  shown  in  Fig.  2  of  the  drawings 
55  comprises  a  similar  parallel-sided  tank  11  but  this 

time  the  tank  contains  two  vertical,  longitudinal  ar- 
rays  of  plates  12.  The  plates  are  desirably  made  of  a 
plastics  material  having  a  roughened  surface  to  en- 
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courage  the  attachment  of  biological  growth.  Located 
substantially  at  the  centre  of  the  tank  is  a  variable  fre- 
quency  wave  generator  13  for  generating  a  resonat- 
ing  wave  motion. 

The  wave  generator  takes  the  form  of  a  sphere 
which  is  arranged  to  rise  and  fall  in  the  tank  in  reaction 
to  an  internal  oscillating  weight  which  is  arranged  to 
be  driven  by  a  variable  frequency  motor  (not  shown). 

The  tank  11  is  provided  at  one  end  with  a  feed 
pipe  14  leading  to  an  inlet  1  5  for  waste  water  or  other 
liquid  to  be  passed  into  the  tank.  At  the  other  end  of 
the  tanka  rigid  pipe  16  is  rotatably  mounted,  said  pipe 
having  a  syphon  breaker  17  at  its  upper  end  and  being 
connected  to  a  flexible  pipe  18  by  means  of  which 
treated  water  or  other  liquid  may  be  removed  from  the 
tank  11.  The  pipe  16  is  rotatable  in  order  to  allow  the 
depth  of  water  or  other  liquid  in  the  tank  to  be  adjust- 
able.  This  is  beneficial  because  it  is  difficult  to  predict 
precisely  the  level  of  water  or  other  liquid  in  the  tank 
for  any  particular  mode  of  wave  motion  and  setting  of 
the  outlet. 

Once  water  or  other  liquid  to  be  treated  has  been 
passed  into  the  tank  11  through  the  feed  pipe  14  and 
inlet  1  5,  the  wave  generator  1  3  is  activated  to  gener- 
ate  a  wave  motion  in  the  liquid  for  example  waste  wa- 
ter  1  0  as  shown  in  the  drawing.  As  the  liquid  rises  and 
falls,  typically  once  every  1  to  5  seconds,  the  active 
biofilms  on  the  plastic  plates  alternately  contact  air 
and  the  waste  water,  and  in  metabolising  both  oxidise 
waste  components  in  the  water  to  carbon  dioxide  and 
water  or  convert  them  into  biosolids.  Considerable 
biofilms  also  develop  on  the  totally  submerged  area 
of  the  plates  and  these  also  contribute  to  treatment. 
The  resonating  wave  motion  as  well  as  bringing  about 
the  alternating  contact  suitable  for  treatment,  also 
acts  as  an  aerator.  Dissolved  oxygen  diffuses  into  the 
bulk  of  the  water  in  the  tank  and  thence  into  the  sub- 
merged  biomass  promoting  further  treatment. 

A  beneficial  aspect  of  the  system  is  the  develop- 
ment  of  two  distinct  forms  of  biof  ilm,  one  in  the  oxy- 
gen  rich  zone  of  alternating  contact  and  the  other  in 
the  more  oxygen  limited  zone  of  complete  immersion, 
each  of  which  can  contribute  to  treatment  in  differing 
ways.  It  is  possible  to  set  up  the  system,  when  treat- 
ing  sewage,  so  as  to  achieve  nitrification  of  ammonia 
in  the  oxygen  rich  zone  and  denitrif  ication  in  the  oxy- 
gen  limited  zone.  This  will  be  very  valuable  in  areas 
where  the  receiving  waters  require  a  limit  on  total  ni- 
trogen  or  to  protect  groundwater  should  the  final  ef- 
fluent  be  destined  for  disposal  via  sub-surface  irriga- 
tion. 

As  in  all  systems  for  the  biological  treatment  of 
water,  a  portion  of  the  polluting  material  is  converted 
into  biosolids.  These  must  leave  the  system,  along 
with  the  treated  water  and  can  be  removed  by  settle- 
ment  or  filtration  for  separate  disposal  or  recycling. 

The  wave  generator  need  not  necessarily  be  lo- 
cated  at  the  centre  of  the  tank  as  in  Fig.  2  but  could 

be  located  at  one  end  of  the  tank  as  in  Fig.  1  or  in  any 
other  suitable  position.  The  preferred  position  de- 
pends  on  the  type  of  wave  motion  and  the  present  in- 
vention  is  directed  to  the  concept  of  inducing  the 

5  treatment  of  water  or  other  liquid  by  wave  motion  and 
is  not  specific  to  any  particular  type  of  wave  genera- 
tor. 

Another  beneficial  aspect  of  the  present  inven- 
tion  is  the  ability  to  switch  between  different  resonant 

10  frequencies  of  wave  motion.  This  can  be  beneficial 
for  example  to  increase  temporarily  the  scouring  ac- 
tion  of  the  wave  motion  to  prevent  excessively  thick 
biofilms  from  building  up  and  hindering  the  wave  mo- 
tion.  In  addition  such  switching  can  increase  the  ef- 

15  fective  area  of  the  plastic  plates.  In  a  single  wave- 
mode,  the  wave  envelope  defines  the  zone  of  alter- 
nating  contact.  Unless  the  plates  were  cut  to  follow 
the  shape  of  this  envelope,  which  would  limit  opera- 
tion  to  this  single  wave-mode,  a  portion  of  the  plates 

20  will  remain  dry  and  unused.  Switching  between  two 
or  more  wave  modes  can  cause  this  otherwise  lost 
area  of  plate  to  be  utilised  for  treatment. 

The  plates  2  or  12  should  preferably  be  arranged 
substantially  parallel  to  one  another  and  to  the  longi- 

25  tudinal  sides  of  the  tank  so  as  not  to  impede  the  wave 
motion  other  than  by  friction  unavoidably  generated 
as  the  water  or  other  liquid  flows  past  the  surfaces  of 
the  plates. 

While  primarily  intended  for  the  treatment  of 
30  sewage  and  waste  water,  the  invention  is  not  restrict- 

ed  to  this  and  can  be  used  for  the  treatment  of  other 
liquids.  Further,  the  invention  is  not  restricted  to  the 
embodiments  illustrated  in  the  drawings  but  varia- 
tions  and  modifications  may  be  made  without  depart- 

35  ing  from  the  scope  of  the  invention. 

Claims 

40  1  .  A  process  for  the  treatment  of  water  or  other  liq- 
uid  characterised  in  that  stationary  surfaces  hav- 
ing  micro-organisms  or  like  biologically  active 
material  fixed  to  or  growing  thereon  are  contact- 
ed  alternately  with  air  and  the  liquid  undergoing 

45  treatment  by  raising  and  lowering  the  liquid  whilst 
said  liquid  is  moved  substantially  horizontally 
past  said  surfaces. 

2.  A  process  according  to  claim  1,  characterised  in 
so  that  the  stationary  surfaces  take  the  form  of  an 

array  of  plates  (2,  12)  which  are  preferably  sub- 
stantially  parallel  to  one  another. 

3.  A  process  according  to  claim  2,  characterised  in 
55  that  the  plates  (2,  12)  are  arranged  in  a  tank  (1, 

11)  adapted  to  contain  the  liquid  to  be  treated. 

4.  A  process  according  to  any  one  of  the  preceding 
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claims,  characterised  in  that  alternate  contact  of 
the  surfaces  with  the  liquid  to  be  treated  and  air 
is  effected  by  wave  action. 

5.  A  process  according  to  claim  4,  characterised  in  5 
that  the  wave  action  comprises  a  stationary, 
standing  or  non-progressive  wave,  arising  from  a 
resonant  frequency  of  the  tank  (1,11),  the  length 
of  said  tank  being  an  integral  or  half-integral  num- 
ber  of  wavelengths  characteristic  of  the  wave  mo-  10 
tion. 

6.  Apparatus  for  performing  the  process  claimed  in 
claim  1  ,  characterised  in  that  the  apparatus  com- 
prises  a  tank  (1  ,  11)  adapted  to  contain  water  or  15 
other  liquid  to  be  treated  and  an  array  of  prefer- 
ably  substantially  parallel  plates  (2,  12)  arranged 
in  said  tank,  said  plates  providing  the  said  station- 
ary  surfaces  and  the  surface  of  the  plates  desir- 
ably  being  roughened  to  encourage  the  attach-  20 
ment  of  biological  growth. 

7.  Apparatus  according  to  claim  6,  characterised  in 
that  a  wave  generator  is  located  in  the  tank  and 
is  arranged  to  generate  a  wave  action  in  order  to  25 
achieve  said  raising  and  lowering  of  liquid  in  the 
tank. 

8.  Apparatus  according  to  claim  7,  characterised  in 
that  the  wave  generator  is  located  at  or  adjacent  30 
to  one  end  of  the  tank. 

9.  Apparatus  according  to  claim  7,  characterised  in 
that  the  wave  generator  (13)  is  located  substan- 
tially  at  the  centre  of  the  tank  and  in  that  two  ar-  35 
rays  of  plates  (12)  are  provided,  each  array  being 
located  between  the  wave  generator  and  a  re- 
spective  end  of  the  tank  (11). 

10.  Apparatus  according  to  any  one  of  claims  7  to  9,  40 
characterised  in  that  the  tank  is  arranged  to  have 
a  length  which  is  an  integral  or  half-integral  num- 
ber  of  wavelengths  characteristic  of  the  wave  mo- 
tion  generated  by  the  wave  generator. 
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